Hygiene in animal production is key for both farm management and food safety. Cleaning and disinfection (C&D) of broiler houses is essential to manage farm hygiene. Still high levels of total aerobic flora after C&D in broiler houses are reported. However, little is known about the microbial composition after cleaning (AC) and after disinfection (AD). In addition, the question why some bacterial species/isolates are still present AD whereas others are killed remains.
INTRODUCTION
Hygiene in animal production is key to good farm management (e.g., disease prevention) as well as meeting legal and consumer demands concerning food safety. Good hygiene practices on farms can reduce the risk of introduction and persistence of animal and zoonotic diseases. Cleaning and disinfection (C&D) of animal houses form the basis of hygiene management. Luyckx et al. (2015a) show that the mean total aerobic flora count after cleaning and after disinfection of broiler houses was still high at 5.7 ± 1.2 log CFU/625 cm and 4.2 ± 1.6 log CFU/625 cm 2 , respectively. It is important to assess the risk associated with this observation for both human and broiler health. However, little is known about these residual bacteria after C&D. In addition, the question remains why some bacterial isolates are still present after disinfection whereas others are eliminated. One hypothesis is that isolates could have become resistant against the used disinfection compounds (Russell 1998; Soumet et al., 2012) . In addition, some bacterial species are intrinsically resistant to certain disinfectant compounds, often caused by cell impermeability (Russell, 1998) . Further, biofilm formation by bacteria is not only a protection against disinfectants but can also induce tolerance against disinfectants (Bridier et al., 2011) . Organic debris (feces, feathers, etc.) remaining after improper cleaning also may form a physical barrier that protects microorganisms from disinfectants (Stringfellow et al., 2009 ) and 938 may have an adverse effect on disinfectants (Hoff and Akin, 1986) .
The aim of this study was to better understand which general and specific dominant bacteria remain present after cleaning and after disinfection. Dominant bacteria were collected at both times and identified by 16S rRNA gene sequence analysis. A selection of bacteria remaining after C&D were investigated for their susceptibility against disinfectants by minimum bactericidal concentration (MBC) tests.
MATERIAL AND METHODS

Cleaning and Disinfection of Broiler Houses
The study was carried out in 4 identical broiler houses, of 5,400 broilers, all located on a pilot farm (Experimental Poultry Center, EPC) in Geel, Belgium. Broilers were raised in floor housing systems with wooden shavings as bedding material ("deep litter system"). After approximately 6 wk of broiler production, cleaning and disinfection took place. The C&D protocol consisted of 4 steps: dry cleaning, soaking with water, wet cleaning, and disinfection. Immediately after removal of broilers, manure and feed were removed ("dry cleaning"). After dry cleaning, broiler houses were soaked with water overnight. On the following d, the houses were washed and soaked for 30 min with a foaming cleaning product containing sodium hydroxide as the active component (1% Keno TM san, CID LINES, Ieper, Belgium) and warm water. Twenty-four h later, disinfection was carried out by fogging with a solution of hydrogen peroxide (220 g/L) and peroxyacetic acid (55 g/L) (D50, CID LINES, Ieper, Belgium). Three liters of the disinfectant and 6 liters of water were used per broiler house (1,005 m 3 ). According to the manufacturer, a minimum of one liter of the disinfectant in 4 liters of water is recommended per 1,000 m 3 for thermal fogging.
Sampling
Sampling was performed at the following moments during C&D: r 24 h after cleaning (AC) but before disinfection r 24 h after disinfection (AD) Pre-moistened sponge swab samples (3 M, SSL100, St. Paul, Minnesota) with 10 mL Ringers solution (Oxoid, BR0052G, Basingstroke, Hampshire, England) were taken AC at 7 predefined locations per broiler house: floor, wall, air inlet, drinking cups, pipe, drain hole, and floor crack. The study of Luyckx et al. (2015b) showed that these locations were still mostly contaminated AC and AD with total aerobic flora, Enterococcus spp. and/or E. coli. To neutralize the residual action of the disinfectants on the microbiological growth, 10 mL Dey Engley neutralising broth (DE broth, Sigma Aldrich, Fluka, D3435, St. Louis, MO) was used to pre-moisten the sponge swab samples used AD.
A surface of 625 cm 2 (i.e., A4 format) was sampled whenever possible. Because the surface of a drinking cup was smaller than 625 cm 2 , 5 drinking cups per broiler house were sampled and pooled as one sample.
Sample Processing
Swab samples were first diluted with 10 mL of Buffered Peptone Water (BPW, Oxoid, CM0509, Basingstroke, Hampshire, England) and then homogenized by placing them in a masticator (IUL instruments, S.A., Barcelona, Spain). Prior to plating, swab samples were further diluted in a 10-fold dilution series in peptone physiological salt water (Bio Trading, K110B009AA, Mijdrecht, The Netherlands) to produce countable results on the selected agar media: plate count agar (PCA, Oxoid, CM0325) for total aerobic flora, Slanetz and Bartley (S&B, Oxoid, CM0377) for Enterococcus spp., and violet red bile glucose agar (VRBGA, Oxoid, CM1082) for Enterobacteriaceae. PCA, S&B, and VR-BGA plates were incubated at 30
• C, 37
• C, and 37
• C for 72 h, 48 h, and 24 h, respectively.
Isolate Collection
Isolates were collected from agar plates with the highest serial 10-fold dilution, representing the most dominant flora. Depending on the number of colonies on these agar plates, plates were divided into 4 (when 100 to 200 colonies/agar plate) or 8 areas (when >200 colonies/agar plate). Five colonies from S&B and VR-BGA and 10 colonies from PCA were randomly collected from one area. In this way, colonies were randomly selected without taking their morphology into account. Colonies were streaked onto new agar plates to obtain single colonies. This process was repeated 3 times to obtain pure isolates. Isolates were stored as glycerol stocks at −80
• C. In total, 800 isolates were collected.
Isolate Identification
From each isolate, DNA was extracted according to Stranden et al. (2003) . On the same d, a repetitiveelement PCR, i.e., polytrinucleotide (GTG) 5 PCR, was carried out on each DNA extract based on Calliauw et al. (2015) . PCR products were analysed using the QIAxcel Advanced System (QIAGEN GmbH, Hilden, Germany) and QIAxcel DNA High Resolution Kit (QIAGEN) (method OM1200 with an additional 120-second separation time). For each PCR product, a QX Alignment Marker (15 bp/3 kb, QIAGEN) was included in the run. The obtained fingerprints were then clustered in BioNumerics version 6.5 (Applied Maths, Sint-Martens-Latem, Belgium) based on their similarity using UPGMA (unweighted pair group method with arithmetic averages algorithm) with 1% curve smoothing. For isolates in which no (GTG) 5 fingerprint was obtained with DNA prepared according to Stranden et al. (2003) , DNA was extracted additionally with GenElute Bacterial Genomic DNA Kit (Sigma Aldrich, NA2100, Diegem, Belgium). For 182 of 800 isolates, the (GTG) 5 fingerprint of DNA extracted using both methods contained weak or no bands. These isolates were excluded from the study. Out of the 618 isolates included in the (GTG) 5 fingerprint clusters, 355 were selected for partial 16S rRNA gene analysis. They were chosen based on the occurrence of their pattern and as representatives for visually defined clusters. A minimum of 2 isolates per cluster was selected to identify each complete cluster. For identification, the 16S rRNA gene was partially amplified using universal bacterial primers 16F72 and 16R1522 according to Brosius et al. (1978) . PCR products were analyzed using the QIAxcel Advanced System and QIAxcel DNA High Resolution Kit (method OM500). QX Alignment Marker (15 bp/3 kb) was included in the run. PCR products were sequenced with both primers (Macrogen Europe, Amsterdam, the Netherlands). Sequence reads of at least 500 bp were used for further analysis in EZtaxon (Kim et al., 2012) . The species with the highest similarity (≥98.5%) and completeness was used to identify the isolates to the putative species level. When similarity and completeness percentage was the same for different species found for one isolate, the first match of the list was used.
Minimal Bactericidal Concentrations (MBC)
The MBC method used during this study was based on Knapp et al. (2015) and described below.
Isolate Selection for MBC Study Collection of isolates on genus/species level was based on their abundance AC and AD within the Enterobacteriaceae and Enterococcus groups. Moreover, isolates were chosen based on their (GTG) 5 fingerprint: When possible, isolates obtained AC and AD were selected from the same (GTG) 5 cluster. A total of 18 isolates (9 AC and 9 AD) of the Enterobacteriaceae group were selected for MBC tests: 3 Pantoea agglomerans (AC), 2 Escherichia vulneris (AC), 5 Lelliottia amnigena (2 AC and 3 AD), 4 Enterobacter soli (2 AC and 2 AD), 3 Escherichia albertii (AD), and one Pantoea rodasii (AD). Isolates were obtained from drinking cups, pipes, and drain holes in the 4 investigated broiler houses. In addition, 10 Enterococcus faecium isolates (5 AC and 5 AD, i.e., the most dominant species of the Enterococcus spp. group AC and AD) from the same (GTG) 5 cluster (>90% related) were selected. The isolates were isolated from 3 of the broiler houses at the following locations: floor, air inlets, drinking cups, pipes, and floor cracks.
Optical Density vs. Enumeration An optical density (OD600) range was calculated for each species to determine at which OD 600 1-5 × 10 8 CFU bacteria/mL were present, according to (Knapp, 2014) .
Neutralisation Efficacy The neutralising efficacy of DE broth was tested against disinfectant D50. One milliliter liquid bacterial culture (1-5 × 10 8 CFU/mL) was added to a solution of one mL 0.5% (v/v) D50 and 8 mL DE broth and left in contact for 5 min (Knapp, 2014) . As positive and negative control, disinfectant was replaced by one mL Ringers solution and DE broth by 8 mL Ringers solution, respectively. Because ≤1 log difference in CFU/mL was observed between initial counts of liquid bacterial culture and counts taken after bacterial exposure to biocide treated with neutralizer, DE broth was considered effective to neutralize the disinfectant. No growth was observed when DE broth was replaced by Ringers solution.
Test Inocula The selected isolates were grown on PCA (i.e., Enterobacteriaceae) or S&B (Enterococcus faecium) and incubated 24 h and 48 h at 37
• C, respectively. Three different colonies per agar plate were each grown in 10 mL Tryptone Soya Broth (TSB, Oxoid, CM1108) at 37
• C during 16 h to obtain fresh liquid cultures. Subsequently, cultures were centrifuged at 5,000 × g for 10 min and resuspended in Ringers solution to an OD 600 corresponding to a viable count of 1-5 × 10 8 CFU bacteria/mL. As control, enumerations on PCA or S&B were carried out.
MBC Tests were carried out in 96 microtiter plates with U-shaped bottoms (Novolab, KIM650111). To test the reproducibility of the assay, one isolate was tested on 3 different occasions in triplicate. The other isolates were tested in triplicate. Microtiter plates contained dilutions of D50 (end concentration: 1.0% to 0.03125% (v/v); 0.5% is the recommended concentration according to the manufacturer for killing bacteria) in TSB. Fifty microliters of test inocula (1-5 × 10 8 CFU bacteria/mL) were added resulting in a total volume of 100 μL per well. Plates were incubated at 37
• C during 24 hours. After incubation, 20 μL of each suspension was transferred into 180 μL DE broth and left in contact for 5 minutes. Subsequently, 12.5 μL of each suspension was spotted in duplicate on agar plates and incubated at 37
• C. The MBC was defined as the lowest concentration of D50 at which no bacterial growth was observed on the agar plate. When triplicates of one isolate showed different MBC, the highest MBC result was reported.
Statistical Analysis
Statistical analyses were carried out with Statistical Analysis System software (SAS R , version 9.4, SAS Institute Inc., Cary, NC). The proportion of isolates belonging to a certain genus vs. the total number of isolates collected AC or AD was compared between both sampling moments using Fisher's exact test (in case of a frequency < 5) or a chi-square test (in case of all frequencies > 5). In addition, the proportion of Enterobacteriaceae isolates surviving the 0.5% disinfectant solution was compared between sampling moments using Fisher's exact test.
RESULTS
Bacteriological Analysis
Of all samples taken AC, 100, 100, and 25% were countable for total aerobic flora, Enterococcus spp., and Enterobacteriaceae, respectively. Of these countable samples, the mean enumeration was 5.87 ± 0.75 log, 4.09 ± 0.52 log, and 3.04 ± 1.98 log CFU/sampling surface, respectively. In addition, 280, 140, and 26 colonies per medium were isolated, respectively. After disinfection, 93, 64, and 18% of the samples gave countable results for total aerobic flora, Enterococcus spp., and Enterobacteriaceae, respectively. The mean countable enumeration was 4.47 ± 1.43 log, 2.78 ± 0.94 log, and 3.11 ± 1.15 log CFU/sampling surface, respectively. In total 354 colonies were isolated AD: 249, 82, and 23 colonies per medium, respectively.
Identification Results
Identification results (family, genera, and species) of isolates dominantly present on VRBGA, S&B, and PCA are given in Tables 1, 2 and 3, respectively. The mean log CFU enumeration of agar plates from which isolates were collected was calculated and subsequently classified into one of the 3 abundance classes. Finally, the obtained P-values, using Fisher's exact or a chisquare test, are given.
Isolates from VRBGA Genera Enterobacter and Pantoea (both Enterobacteriaceae) and Aeromonas (non Enterobacteriaecea) were most abundant AC and Escherichia, Lelliottia, and Pantoea (all Enterobacteriaceae) were most abundant AD. Also, Curtobacterium (not belonging to the Enterobacteriaecea family) grew on the selective medium VRBGA.
No significant changes were observed among proportions of isolates identified as Enterobacter, Escherichia, Leclercia, Lelliottia, and Pantoea AC and AD.
Most isolates were isolated from samples originating from drain holes (58% AC and 85% AD). Other than drain holes, samples (and thus isolates) also originated from floors (4% AC and 15% AD), drinking cups (21% AC), air inlets (4% AC), and pipes (13% AC).
Isolates from S&B Enterococcus faecium was the most dominant species belonging to the genera Enterococcus on S&B both AC and AD, with mean enumerations between 2 and 4 log CFU/sampling surface. A significant decrease was observed between the proportion of isolates identified as Enterococcus faecium AC and AD. Nonspecific genera Aerocococcus, Desemzia, and Staphylococcus (representing the majority within the nonspecific genera) also were found on S&B. In addition, a significant increase in proportion of isolates identified as Staphylococcus was observed AD. Staphylococcus spp. isolates from AD originated from all locations, while Enterococcus spp. isolates were mostly isolated from drain holes. An exception was Enterococcus faecium isolates, which also originated from floors, air inlets, and pipes.
Isolates from PCA Among the Gram positive isolates (n = 259) isolated from PCA, 14 families were found representing 19 genera. Gram negative bacteria (n = 97) belonged to 13 families representing 16 genera. The most dominant genera found on PCA were Brevibacterium, Brachybacterium, and Staphylococcus AC and Brevibacterium, Microbacterium, and Staphylococcus AD.
The proportion of isolates identified as Bacillus, Brevibacterium, and Microbacterium significantly increased AD. In contrast, the proportion of isolates identified as Staphylococcus and Comamonas significantly decreased AD.
The obtained isolates originated from floors (14 and 18%), walls (11 and 10%), air inlets (15 and 15%), drinking cups (13 and 19%), pipes (15 and 11%), drain holes (16 and 17%), and floor cracks (15 and 9%) AC and AD, respectively. Per sampling point, 4 to 9 genera were found AC, and 6 to 12 genera AD.
MBC of Enterobacteriaceae Isolates
MBC results for Enterobacteriaceae isolates are given in Table 4 . The MBC of the disinfectant for all Enterobacter and Escherichia isolates, independent of being isolated AC or AD, was 1%. More diversity in MBC within Pantoea and Lelliottia species was noticed. MBC method was highly reproducible for the Lelliottia isolate tested in triplicate on 3 different occasions. Of the tested Enterobacteriaceae isolated AC and AD, 62.5 and 70% survived exposure to 0.5% disinfectant, respectively (P > 0.05).
MBC of Enterococcus Faecium Isolates
MBC results for Enterococcus spp. isolates are given in Table 5 . MBC of the disinfectant for all tested Enterococcus faecium isolates was either 0.0625 or 0.125%. None of the tested isolates AC and AD survived exposure to 0.5% disinfectant. Table 1 . Family, genera, and species isolated from violet red bile glucose agar (VRBGA, Enterobacteriaceae selective medium) after cleaning (AC) and after disinfection (AD). Species pathogenic for poultry and/or humans are indicated by bold and/or underlined text, respectively. In addition, the magnitude of mean enumeration of samples whereof bacteria were isolated is indicated by an X in one of the 3 abundance classes. e There is no difference between 16S rRNA gene sequences of these species. n.i., not identified. * , One isolate had a match with other species with same similarity/completeness percentage. Table 3 . Family, genera, and species of bacteria isolated from plate count agar (total aerobic flora) after cleaning (AC) and after disinfection (AD). Species pathogenic for poultry and/or humans are indicated by bold and/or underlined text, respectively. In addition, the magnitude of mean enumeration of samples whereof bacteria were isolated is indicated by an X in one of the 3 abundance classes. 
DISCUSSION
Identification of bacteria in broiler houses is key to better understanding the dynamics of bacteria during C&D and knowing the impact of the residual bacterial populations on the health of both animals and humans. Enumerations of total aerobic flora, Enterococcus spp., and Enterobacteriaceae were carried out after cleaning and after disinfection. Similar results as in the study of Luyckx et al. (2015a) were obtained for total aerobic flora and Enterococcus spp. Although the number of countable samples for Enterobacteriaceae was reduced by disinfection, mean enumerations on the countable samples were not decreased, also shown by Ward et al. (2006) . In addition, the dominant species of the families Enterobacteriaceae and Enterococcaceae and total aerobic flora were identified after cleaning and after disinfection.
Identification
Enterobacteriaceae The genera Pantoea (AC and AD), Lelliottia (AD), Enterobacter (AC), and Escherichia (AD) were the most dominant Enterobacteriaceae isolated from VRBGA. Several species belonging to these genera are pathogenic for both poultry and humans. This confirms the importance of reducing Enterobacteriaceae as much as possible during C&D. No significant increase or decrease in the proportion of isolates belonging to these genera was observed between the two sampling moments. Several studies show the presence of these genera in the poultry industry (MorganJones 1981; Kilonzo-Nthenge et al., 2008; Oaks et al., 2010; Bródka et al., 2012; Gole et al., 2013) . Within the genus Pantoea, Pantoea agglomerans (previously known as Enterobacter agglomerans) is the most commonly isolated species in humans, originating from soft tissue or bone/joint infections (Cruz et al., 2007) . In addition, Pantoea agglomerans also has been isolated from cellulitis lesions in chickens, but these are not believed to be significant (Derakhshanfar and Ghanbarpour, 2002; Vaillancourt and Barnes, 2009) . Lelliottia amnigena (previously known as Enterobacter amnigenus) recently has been associated with raw broiler products (Olobatoke et al., 2015) and also has been found at egg processing plants (Jones and Musgrove, 2008; Musgrove et al., 2009) . L. amnigena also has been described as a rare pathogen for humans (Bollet et al., 1991; Capdevila et al., 1998 ) and a causative agent of limb infections (Corti et al., 2009) . Escherichia albertii (AD) was found in moderate numbers during this study. E. albertii has been reported to be a potential pathogen for humans and animals (Oaks et al., 2010; Oh et al., 2011) . Oaks et al. (2010) findings indicate that E. albertii is likely pathogenic to birds including chickens, and can be associated with epornithics and sporadic disease. Escherichia vulneris has been isolated from animals, humans, the environment, and potable water. E. vulneris can colonise the respiratory tract, female genital tract, urinary tract, and stool in humans (Shobrak and Abo-Amer, 2014) . After cleaning, the genus Aeromonas (non Enterobacteriaceae) also was isolated in high numbers from VRBGA. Aeromonas hydrophila can occasionally cause diarrhea in broilers. This species has significance for public health, usually through contaminated poultry meat, because it causes gastroenteritis in humans (Barnes, 2003) . On VRBGA a larger variety of species was found AC compared to AD.
Enterococcus spp. The most dominant species of Enterococcus were E. faecium (AC and AD), E. faecalis (AC), and E. casseliflavus (AC). The proportion of isolates identified as E. faecium was significantly reduced AD. All 3 species have previously been isolated from broilers. Enterococcus spp. are generally considered commensal bacteria but do have the potential to cause infections in humans, especially Enterococcus faecium and E. faecalis. In addition, both species are reported as potential pathogens for poultry (Cauwerts et al., 2007) . The third dominant Enterococcus species, E. casseliflavus, has been isolated from human patients with bacteremia (Reid et al., 2001) . Although Staphylococcus arlettae and S. saprophyticus do not belong to the genus Enterococcus, they were highly abundant on the Enterococcus specific medium, especially AD. S. arlettae was previously isolated from skin and nares of poultry (Schleifer et al., 1984) . Both species have been found in the indoor air of broiler houses (Devriese et al., 1985; Schulz et al., 2004; Chinivasagam et al., 2010) . S. saprophyticus also has been isolated from food and food environments (Marino et al., 2011). Hedman and Ringertz (1991) found that urinary tract infections caused by S. saprophyticus were common among professionals handling meat products. The genus Aerococcus also has been found in high amounts on S&B. The genus Aerococcus has been found in the air of poultry houses in different studies (Nielsen and Breum, 1995; Fallschissel et al., 2010; Bródka et al., 2012) . A. viridans also has been associated with several human infections (Facklam and Elliott, 1995) . On S&B, the species isolated AC were also mostly isolated AD. As these 2 genera, Staphylococcus and Aerococcus, grew abundantly on the Enterococcus specific medium, resulting in colonies with the same morphology as enterococci, enumerations performed on S&B could result in an overestimation of Enterococcus spp.
Total Aerobic Flora Finally, the most dominant genera (i.e., >5% present AC or AD) isolated from PCA were Bacillus (AD), Brevibacterium (AC and AD), Brachybacterium (AC and AD), Microbacterium (AD), Staphylococcus (AC and AD), Comamonas (AC), and Acinetobacter (AD). A hypothesis that could explain the increase in the proportion of isolates belonging to Bacillus, Brevibacterium, and Microbacterium AD, is that disinfection created an opportunity for otherwise transient species to gain dominance. The proportion of Staphylococcus and Comamonas isolates was significantly reduced by disinfection. Most of these dominant genera found on PCA have been previously isolated from (the environment of) poultry. Several pathogens for poultry and humans belonging to these genera were isolated AC and even AD. Surprisingly, the genus Comamonas was found to be dominant in this study, while to our knowledge, no studies have reported the occurrence of these bacteria in poultry houses.
Spores of Bacillus species are found in soil, dust, and water as well as in the air (Tam et al., 2006) . Furthermore, studies of Bródka et al. (2012) and Nasrin et al. (2007) isolated Bacillus species from the air of poultry houses. Previous studies described the genus Brevibacterium as one of the abundant taxonomic groups in poultry litter (Lu et al., 2003; Dumas et al., 2011) . In general, Brevibacterium species are not pathogenic for poultry, but there are known pathogenic species such as B. avium (Pascual and Collins, 1999; Dumas et al., 2011) . In addition, B. casei and B. epidermidis, both of which were isolated AC as well as AD, have been described as a cause of bacteremia and central venous line infection in humans, respectively (McCaughey and Damani, 1991; Gruner et al., 1994; Brazzola et al., 2000) . Members of the Brachybacterium genus also have been isolated from poultry deep litter (Lu et al., 2003; Dumas et al., 2011) . No reports on pathogenicity of Brachybacterium have been published. Microbacterium species have been found on freshly killed chickens (Cunningham, 1987) . Another study isolated a Microbacterium species from poultry waste and characterized it as a feather-degrading bacterium (Sangali and Brandelli, 2000; Thys et al., 2004) . M. paraoxydans, which was isolated both AC and AD, is one of the most frequently isolated microbacteria in human clinical specimens (Laffineur et al., 2003; Gneiding et al., 2008) . Besides the 2 abovementioned Staphylococcus species, also S. caprae, S. cohnii, S. lentus, and S. simulans were isolated in this study from PCA and are described as potential pathogens for humans (Mazal and Sieger, 2010; Mallet et al., 2011; Soldera et al., 2013; Seng et al., 2014) . The 4 latter species have been isolated from the air originating from broiler houses (Devriese et al., 1985; Chinivasagam et al., 2010) . De Reu et al. (2006 Reu et al. ( , 2008 also found Staphylococcus spp. to be the dominant bacterial flora in the air of laying hen houses and on eggshells. The members of the genus Comamonas frequently occur in diverse habitats, such as animal and plant tissues (Ma et al., 2009 ). To our knowledge no studies have yet revealed the presence of Comamonas species in poultry houses. Members of the genus Acinetobacter are usually commensal organisms, but can cause infections in susceptible human patients (Dahiru and Enabulele, 2015) . Schefferle (1965) found Acinetobacter on feathers of poultry and suggested they may originate from deep litter. In addition, Acinetobacter species (psychrotrophic spoilage bacteria) are often found on chicken carcasses (Russel, 2010) . A. lwoffii can cause bacteremia in immunocompromised individuals (Ku et al., 2000) . This species also has been involved in several infections in animals, e.g., severe respiratory symptoms in lovebirds (Robino et al., 2005) and septicaemia in hens (Kaya et al., 1989) . Other species found in this study with clinical significance for animals are Enterococcus durans and Alcaligenes faecalis. Enterococcus durans can cause bacteremia and encephalomalacia in young chickens (Cardona et al., 1993) and septicaemia and endocarditis in mature birds (Chadfield et al., 2004) . Alcaligenes faecalis can cause respiratory disease in chickens (Simmons et al., 1981; Berkhoff et al., 1983 Berkhoff et al., , 1984 .
Because the samples originated from only one pilot farm, conclusions should be drawn with caution. Other factors such as sampling method, meteorological conditions, type of broiler house, and topographic features also could affect the bacterial composition. Additional studies are needed to verify these results.
Minimum Bactericidal Concentration
The presence of several pathogenic species for poultry and humans not only AC but also AD, indicates that the disinfection step was not able to kill these organisms. Luyckx et al. (2015a) also reported the limited reduction of bacterial flora by disinfection in broiler houses. Possible reasons are interference with residual organic matter (Hoff and Akin, 1986) , reduced effect of the disinfection step in practice, or resistance against the disinfectant (Russell 1998; Soumet et al., 2012) . To test this last hypothesis, MBC was determined for several Enterobacteriaceae isolates and Enterococcus spp. isolates obtained AC and AD. The MBC results did not suggest a selection towards less susceptible isolates AD compared to AC at a concentration of 0.5%.
Gram negative bacteria such as Enterobacteriaceae are generally more resistant to disinfectants than Gram positive bacteria because they have an outer membrane (Nikaido and Vaaro, 1987; McDonnell and Russell, 1999; Knapp, 2014) . However, it has been shown that enterococci can be more resistant than Gram negative bacteria to disinfectants (Bradley and Fraise, 1996; Eginton et al., 1998; Gradel, 2004 Gradel, , 2007 . In this study, more than 77.8% of the tested Enterobacteriaceae isolates showed a MBC of ≥0.5%, while all Enterococcus faecium isolates showed a MBC of ≤0.125. These results indicate that Enterobacteriaceae isolates are more resistant to the used disinfectant than Enterococcus spp. This finding is in agreement with Dewaele et al. (2011) , who showed that E. coli was more resistant than Enterococcus faecalis, although other disinfectants were tested in that study. As the Enterococcus faecium isolates were susceptible to the recommended concentration, the presence of Enterococcus spp. and other bacteria AD could be due to the presence of either extraneous material (e.g., organic material), which has a detrimental effect on the disinfectant, or residual water, resulting in dilution of the disinfectant. Moreover, the recommended concentration of the disinfectant (i.e., 0.5%) seemed too low to kill Enterobacteriaceae, including pathogenic species for poultry and humans found in this study such as Escherichia albertii and Pantoea agglomerans. As the recommended concentration of the disinfectant was not able to kill the field isolates in the MBC test, it can be assumed that the recommended concentration of 0.5% of the disinfectant is too low for farm conditions. Furthermore, literature reports that many microorganisms have developed resistance that confer tolerance to peroxide stress (in particular hydrogen peroxide), which includes production of neutralizing enzymes (e.g., catalases, peroxidases, and glutathione reductases) (McDonnell and Russell, 1999; Harris et al., 2002; Uhlich, 2009; Baureder et al., 2012) . In addition, Dubois-Brissonnet et al. (2011) have demonstrated increased tolerance to peracetic acid by a membrane modification of Salmonella enterica. The survival of the Enterobacteriaceae isolates also might be the result of such a resistance mechanism among the present bacteria. This needs to be determined in future research.
CONCLUSION
A great diversity of bacterial genera and species were found after cleaning and after disinfection. Most of these dominant species were already identified in the poultry industry. Moreover, several (opportunistic) pathogenic species were found not only after cleaning but also after disinfection. Survival of Enterococcus spp. and other isolates may be due to detrimental conditions (e.g., residual organic material after cleaning) during disinfection. This shows the importance of a good cleaning before the disinfection step. Finally, the recommended concentration of the disinfectant was too low to kill most of the Enterobacteriaceae isolates. A revision of the recommended concentration of this and other disinfectants may be useful.
